Background: Twenty-four-hour urinary creatinine excretion (24hUCrE) is strongly correlated with skeletal muscle mass (SMM). This study suggests how to exploit the power of the SMM-24hUCrE correlation to assess the accuracy of 24hUCrE measurement.
Methods:
Four hundred and sixty-six men, a subgroup of participants in the 2002-2004 follow-up examination of the Olivetti Heart Study, performed a 24-h urine collection to measure 24hUCrE and underwent bioelectrical impedance analysis to evaluate SMM. Linear regression analysis between 24hUCrE and SMM was used to calculate the muscle-creatinine equivalence and to develop an equation to predict the 24hUCrE depending on SMM. The accuracy of the 24hUCrE measurement was assessed using the change in the SMM-24hUCrE correlation coefficient upon variation in the percentage deviation (%D) between the measured and predicted 24hUCrE. 
Conclusion:
The increase in %D corresponds to a reduced correlation between muscle mass and creatinine excretion, which indicated a poor performance in the measurement of the 24hUCrE. For studies on single individuals, where small variations in 24hUCrE could be significant, a %D up to 12.6% is suggested; on the other hand, a wider %D interval could be acceptable for population studies.
K E Y W O R D S
24-h urinary creatinine excretion, creatine, creatinine, phosphocreatine, skeletal muscle mass on a meat-free diet, the amount (g) of creatine (and phosphocreatine) per kg of muscle remains constant. 3 Following the spontaneous conversion of creatine and phosphocreatine to creatinine at a constant daily rate, the latter is constantly eliminated by the kidney. As a consequence, the 24hUCrE is strongly correlated with the total SMM 6, 7 and the muscle-creatinine equivalence enables to predict the daily urinary creatinine excretion. The estimation of SMM can be currently performed with good accuracy by a quick and inexpensive method such as bioelectrical impedance analysis (BIA). [8] [9] [10] A possible difference between the measured and predicted 24hUCrE values (i.e, the accuracy of 24hUCrE measurement) translates into a change in the SMM-24hUCrE correlation coefficient.
This study suggests how to exploit the value of the SMM24hUCrE correlation coefficient to evaluate the accuracy of 24hUCrE measurement.
| MATERIALS AND METHODS

| Study description
The study population was composed of 466 men on their habitual diet, a subgroup of 994 men (age range 32-82 years) participating in the 2002-2004 follow-up examination of the Olivetti Heart Study (OHS). The OHS population was provided by the male workforce of the Olivetti factories of Pozzuoli (Naples) and Marcianise (Caserta).
The study participants consented to undergo BIA and to perform a 24-h urine collection. A detailed description of the study procedures has been previously reported. 
| Urinary creatinine excretion measurement
Participants were carefully instructed to perform a 24-h urine collection. 12 The day before the visit, they performed a urine collection discarding the first void in the morning and then collecting all the urines until the following morning, including the first void. The volume of the 24-h collection was recorded, and a specimen was stored for the subsequent chemical analysis of creatinine. Urinary creatinine concentration was measured by an autoanalyzer (ABX Pentra 400;
HORIBA ABX, Rome, Italy) using a picric acid colorimetric method with the kinetic reading of results.
| Bioelectrical impedance analysis and estimation of skeletal muscle mass
All the study participants were on their habitual diet and did not follow any physical exercise program. BIA measurements were carried out by the same operator in all patients using the same analyzer 13 (BIA 101 model, Akern/RJL Systems, Florence, Italy). The measured resistance and reactance (in ohm) were used to assess total SMM.
SMM by BIA was estimated using the Tengvall equation 9 as applied for men, using the height (cm) and weight (kg) of the participants: 
| Statistical analysis
Statistical analysis was performed using the Statistical Package for the Social Sciences (SPSS version 13; SPSS, Inc., Chicago, IL, USA). Linear regression analysis was performed to compute the grams of creatinine production rate, predicted for kg of SMM. The study of the pattern of residuals allowed to recalculate the values of 24hUCrE according to the equation of the best fit line, using SMM as the independent variable (predictor, X-axis). Pearson's correlation analysis was used to estimate the correlation coefficient (r) between SMM and 24hUCrE.
Two-sided P values <.05 were considered statistically significant. where the values of RC24hUCrE represent the points on the regression line recalculated by the equation (2) . The reliability of the adopted model was evaluated by graphical and statistical studies of 
| RESULTS
| Calculation of muscle-creatinine equivalence and prediction of daily urinary creatinine excretion
(1) M24hUCrE = 0.044 × SMM + 0.410 + ER24hUCrE
| DISCUSSION
Experimental studies on the equivalence between muscle mass and daily urinary creatinine excretion were originally performed to assess the total body muscle mass starting from the measurement of 24hUCrE.
14 A thorough study indicated that an accurate urine collection, repeated at least three times, from subjects in normal clinical conditions and with an adequate meat-free diet, allowed to obtain a very accurate measurement of 24hUCrE from which it was possible to calculate with precision the corresponding total body muscle mass. 7 In theory, the most specific method for the evaluation of the total body muscle mass should be just the daily urinary creatinine excretion measurement. Indeed, the precursors of creatinine (i.e, creatine and phosphocreatine) are present almost exclusively in the skeletal muscle (approximately 98%) and are steadily degraded and then eliminated as urinary creatinine at a constant rate. 3 However, because of the restrictive dietary conditions to be applied to the subject, the long time required to perform various urine collections, and because of other unpredictable variables which may modify the 24hUCrE, it is preferred to use other methods. Among these, BIA seems to be an excellent method both in routine and in population studies because of its good accuracy, noninvasiveness, simplicity, and speed of execution (about 10 minutes), low cost of the measurement, as well as no dietary restriction of the subjects. [8] [9] [10] From these considerations, and as suggested by some studies, it could be possible to use the strength of the association between the body muscle mass and the daily urinary creatinine excretion even the other way, 4, 5 that is, to measure the skeletal muscle mass using a suitable and accurate method to evaluate the reliability of 24hUCrE measurement. To this end, it is required to calculate the actual value of the muscle-creatinine equivalence.
Several investigators worked on the estimation of the equivalence between muscle mass and daily excretion of creatinine 14 establishing
T A B L E 1 Mean values of measured (M24hUCrE) and predicted (P24hUCrE) daily urinary creatinine excretion (g/24 h), percentage deviation (%D) between M24hUCrE and P24hUCrE, correlation coefficient (r) between skeletal muscle mass (kg) and M24hUCrE of several participants (cumulative n) and accuracy of the measurement calculated as percent of determination coefficient (%r 2 ) according to the selected values of the absolute error (g/24 h) between the M24hUCrE and P24hUCrE 
creatinine/day). This wide range of muscle-creatinine equivalence suggested by previous studies was probably due to the selection of M24hUCrE as the independent variable (X-axis) in the SMM-byM24hUCrE linear model. This choice results in a large variability of the coefficients in the regression equation as they depend on the accuracy of the 24hUCrE measurement method. Indeed, the ordinary least squares method used in the regression analysis is based on the assumption that the X variable (independent variable) is measured in a much more accurate way than the Y variable (dependent variable), so it can be considered error-free. 15 For example, in the study by Wang et al 7 the same raw data provide two different equations depending on which variable is selected as the independent one. If the independent variable was M24hUCrE, then the regression equa- 
| Estimation of the correlation coefficient between skeletal muscle mass and the measured daily urinary creatinine excretion
The main purpose of this study was to assess the strength of the association between muscle mass and daily urinary creatinine excretion according to the deviation between the M24hUCrE and that provided by the equivalence muscle-creatinine. As the evaluation of the 24hUCrE measurement should refer to its correlation with the SMM, the correlation coefficient of the change with %D was evaluated in a large sample of measurements to obtain a tool that compared the %D of a single measurement with those calculated in a population of measurements. As previously reported 3,6,7 and according to our data, the amount of creatinine excreted in the urine could be strongly affected by the diet (mainly meat diet or meat-free diet). In fact, our results indicated that the error in the urinary creatinine excretion measurement was unaltered by urine volume or serum creatinine concentration (data not shown). As the (r = .91, %r 2 = 83%) is suggested. Perhaps, a wider interval could be acceptable for population studies. However, the required degree of accuracy for the 24hUCrE measurement could depend on the type of study, the number of study participants, and other physiological and clinical factors. In any case, to validate the measurement of 24-h urinary creatinine excretion, it is necessary to measure the subject's muscle mass, to calculate the %D between the measured and predicted 24hUCrE, and to estimate r o %r 2 from Table 1 or Figure 4 .
In summary, the results of this study provide the value of the muscle-creatinine equivalence, a simple equation to predict the daily urinary creatinine excretion by measuring SMM and a method to assess the degree of accuracy in the measurement of 24hUCrE.
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